Background Old age is a known prognostic factor for mortality in patients with papillary thyroid carcinoma (PTC). This study aimed to investigate the relationship between cause-specific survival (CSS) following PTC and the extent of old age. Methods We enrolled 4692 patients aged C 55 years with PTC who underwent surgery between 1989 and 2009 at Kuma Hospital (median follow-up period 140 months). The presence of at least one of the following was used to classify the patients as high risk:
Introduction
Age is one of the most important prognostic factors for cancer-specific mortality in patients with papillary thyroid carcinoma (PTC). In the 8th edition of American Joint Committee on Cancer (AJCC), age cutoff was changed from 45 to 55 years, and patients aged \ 55 years with differentiated thyroid carcinoma (DTC), including those with PTC, were classified as stage I unless distant metastasis (M1) was detected at presentation [1] . Several studies subsequently validated this finding, demonstrating that a cutoff age at 55 years more accurately predicted the prognosis of patients with PTC than a cutoff age at 45 years [2] [3] [4] . However, it remains debatable whether only one cutoff age is adequate for predicting patients' prognoses. Adam et al. showed that in patients with PTC who underwent surgery identified from the SEER database, 10-year cause-specific survival (CSS) rates were excellent for patients \ 50 years (better than 99%), but became poorer with advanced age: 50-59 years, 98.1%; 60-69 years, 94.8%; 70-79 years, 91.5%; 80-89 years, 79.2%; and C 90 years, 73.9% [5] . Furthermore, in a single-institution study by Chereau et al., authors divided their patient series assessing PTC into three categories, young (\ 65 years), older (65-75 years), and very old patients ([ 75 years). The results showed that the 5-year CSS rate was 81.3% for very old patients, which is poorer than that for older patients (92.9%) and for young patients (94.7%) [6] .
The Japan Association of Endocrine Surgery (JAES) has its own risk classification of PTC, which is as follows: very low-risk PTC (T1aN0M0) based on the 8th AJCC TNM classification (low-risk papillary microcarcinoma) [1] , lowrisk PTC (T1bN0M0), high-risk PTC, and intermediaterisk PTC-PTC not classified as very low, low, and high risk [7] . Classification as high-risk PTC is based on the presence of at least one of these clinical features: (1) tumor size (T) [ 4 cm, (2) lymph node metastasis (N) C 3 cm, (3) significant extrathyroid extension corresponding to T4a, (4) extranodal tumor extension based on intraoperative findings, and (5) presence of M1. We previously investigated the difference in prognosis between patients C 55 years and those \ 55 years for each risk classification [7] . We showed that very low-or low-risk patients had an excellent prognosis after surgery regardless of age because only two patients died of thyroid carcinoma. CSS of intermediate-risk patients C 55 years (15-year CSS rates 98%) was poorer than that of those \ 55 years (15-year CSS 100%), but the difference in CSS rates between these subsets was small. However, for high-risk patients, the 15-year CSS rate of patients C 55 years was 85%, which was much lower than that of those \ 55 years at 98% [7] . These findings indicate that advanced age does not affect the prognosis of patients with PTC uniformly.
To show whether and how advanced age affects prognoses of PTC patients, we analyzed patients aged C 55 years with PTC and compared CSS among patients with very low-or low-risk, intermediate-risk, and high-risk PTC by subdividing patient age into three categories, 55-64 years, 65-74 years, and C 75 years.
Patients and methods
Between 1989 and 2009, 10,348 patients underwent surgery with R0 or R1 resection for PTC at Kuma Hospital. Of these patients, 4692 aged 55 years or older at the time of surgery and followed up for at least 6 months after surgery were enrolled in this study. They consisted of 678 males and 4014 females. All patients were pathologically diagnosed with PTC, and those with other thyroid malignancies such as follicular carcinoma, medullary carcinoma, anaplastic carcinoma, and thyroid lymphoma were excluded. Of the study sample, 2848 patients underwent total thyroidectomy, and the remaining 1844 underwent other thyroidectomies such as hemithyroidectomy, isthmectomy, and subtotal thyroidectomy. Overall, central node dissection was performed in 4447 patients, and 2309 of these underwent prophylactic or therapeutic, unilateral or bilateral modified radical neck dissection. Fourteen patients also underwent therapeutic upper mediastinal dissection. The median follow-up time after surgery was 140 months (6-336 months). To date, 125 patients underwent radioactive iodine (RAI) administration C 30 mCi for ablation treatment, adjuvant therapy, or cancer therapy.
All patients were followed up with blood examinations and imaging studies such as an ultrasound 1-2 times per year. Chest roentgenography, a computerized tomography scan, and bone scintigraphy were also performed for follow-up assessments at each physician's discretion. For patients who were followed up in other hospitals after surgery, we constantly sent questionnaires to patient residences to ask whether they were alive, died of thyroid carcinoma, or died of other reasons. At the same time, we also asked for the name of attending physicians and hospitals. Besides, we recorded the information about patients' prognoses from the hospitals we referred patients to. The study endpoint is cause-specific survival (CSS).
The classification of patients with PTC into risk groups in our series was subject to the classifications conducted by JAES as described in Introduction. However, we analyzed very low-risk and low-risk patients in a single group, as low-risk patients. Informed consent was obtained from all individual participants included in the study. We sought approval from the ethical committee; however, approval was not required due to the retrospective nature of the study.
Fisher's exact test was used to compare variables. For time-sequence analysis, the Kaplan-Meier method with log-rank tests was utilized using the StatView statistical software. We used Cox proportional hazards models for multivariate analyses. p values \ 0.05 were considered statistically significant, and values 0.05 B p \ 0.1 were considered marginally significant. For the multivariate analysis, we included factors with a statistically or marginally significant prognostic value from univariate analysis. Table 1 shows the relationship between clinicopathological features and patient age at surgery. The incidence of highrisk features such as distant metastasis (M1) (p = 0.0011), tumor size (T) [ 4 cm (p \ 0.0001), extrathyroid extension (Ex) positive (p \ 0.0001), and extranodal tumor extension (LNEx) positive (p = 0.0279) significantly increased with advanced age. Regarding clinical node metastasis (N), the incidence of patients with N C 3 cm was significantly higher in patients aged C 65 years than that in those aged 55-64 years (p \ 0.0001), although the incidence did not significantly differ between patients aged 65-74 years and those aged C 75 years. No significant difference could be observed for the extent of thyroidectomy and lymph node dissection in the three subsets. However, the incidences of total thyroidectomy and modified radical neck dissection were slightly lower in patients C 75 years than in others. In our study, the numbers of low-, intermediate-, and high-risk patients were 2371, 1205, and 1116, respectively. Table 2 shows the incidence of low-, intermediate-, and high-risk patients in 55-64 years, 65-74 years, and C 75 years age groups. The incidence of high-risk cases significantly increased with advanced age: 19.6% for patients aged 55-64 years, 26.1% for those aged 65-74 years, and 39.2% for those aged C 75 years (p \ 0.0001). Of 1116 high-risk patients, 888 (79.6%) underwent total thyroidectomy. The incidence of total thyroidectomy for high-risk patients in the three subsets was 82.0% (427 of 521 patients), 81.5% (326 of 400 patients), and 69.2% (135 of 195 patients) for the 55-64 years, 65-74 years, and C 75 years age groups, respectively. This indicates that the incidence of total thyroidectomy in high-risk patients C 75 years was Figure 2a shows the Kaplan-Meier curves for intermediate-risk patients aged 55-64, 65-74, and C 75 years. The 10-year, 15-year, and 20-year CSS rates were 98.9%, 98.4%, and 96.8% for patients aged 55-64 years, 99.1%, 98.2%, and 98.2% for those aged 65-74 years, and 99.0%, 99.0%, and 99.0% for those aged C 75 years, respectively. The CSS of these three subsets showed no significant difference (p = 0.7004 for patients aged 55-64 years vs. those aged 65-74 years, and p = 0.8966 for those aged 65-74 years vs. those aged C 75 years).
Results
As shown in Fig. 2b , the CSS of high-risk patients was progressively poorer with advanced age (p = 0.0017 for patients aged 55-64 years vs. those aged 65-74 years, and p = 0.0109 for patients aged 65-74 years vs. those aged C 75 years). The 10-year, 15-year, and 20-year CSS rates were 95.2%, 92.7%, and 88.6% for patients aged 55-64 years, 93.0%, 85.1%, and 72.7% for those aged 65-74 years, and 81.2%, 70.7%, and not defined (none of the patients underwent follow-up for 20 years) for those aged C 75 years, respectively. The Kaplan-Meier curves for patients aged 65-74 years and those C 75 years crossed over after 20 years of follow-up, which may be because of the small number of patients at risk followed up for longer than 20 years.
Other than patient age, M1 (p \ 0.0001), N [ 3 cm (p \ 0.0001), and LNEx positive (p \ 0.0001) showed a significant prognostic value for CSS of high-risk patients, while Ex-positive (p = 0.0500) had marginal significance in univariate analysis. However, T [ 4 cm did not have any prognostic impact (p = 0.2395). On multivariate analysis for the factors having prognostic significance on univariate analysis, all except for LNEx-positive had prognostic significance (Table 3 ). The hazard ratio for M1 was the highest at 9.6154, and that for those aged C 75 years showed the second highest value at 3.3898. The hazard ratio of patients aged 65-74 was 1.7483.
We investigated the prognostic significance of clinicopathological factors for patients C 75 years. We found that only M1 (p \ 0.0001) had a prognostic value on univariate analysis, and thus, we did not perform a multivariate analysis.
Since this study includes patients who underwent surgery in long periods, from the 1980s to 2000s, we divided high-risk patients into two categories: 511 patients who underwent surgery after February 2005 (Group A) and 605 patients who underwent surgery before then (Group B). In both groups, CSS of patients was significantly or tended to be poorer with advanced age (p = 0.06721 for patients C 75 years vs. 65-74 years and p = 0.00285 for patients 65-74 years vs. 55-64 years in Group A, and p = 0.0040 for patients C 75 years vs. 65-74 years and p = 0.00037 for patients aged 65-74 years vs. 55-64 years in Group B).
Discussion
In this study, we demonstrated that in patients C 55 years with PTC, (1) the incidence of high-risk PTC significantly increased with advanced age, (2) CSS of low-risk patients was excellent regardless of patients' age, (3) CSS of intermediate-risk patients did not differ according to patient age, and (4) CSS of high-risk patients significantly became poorer with advanced age.
The observed increased incidence of high-risk patients with advancing age in this study is consistent with the results of a previous study by Chereau et al. [6] who reported that patients [ 75 years were more likely to have advanced TNM stage, greater tumor size, and a greater number of tumors and extracapsular invasion than those aged 75 years or younger. This may be because old patients have less opportunity of receiving medical checkup and their PTCs are more likely to be detected after progression or because PTC in old patients is more likely to turn into high risk than in young patients.
Previous studies have shown that the prognosis of older patients with PTC was not uniform but became poorer with advancing age. Adam et al. showed that the prognosis of patients with PTC in old age became poorer in a linear fashion [5] . Also, Chereau et al. demonstrated that CSS of patients [ 75 years with PTC was significantly poorer than those aged 65-75 years and aged \ 65 years [6] . In this study, however, we showed that only one patient (0.04%) with very low-risk PTC and 18 patients (1.5%) with intermediate-risk PTC died of thyroid carcinoma, indicating that carcinoma death is a rare event for older patients with PTC without high-risk features. In addition, these prognoses did not significantly change with advancing age of patients. In contrast, 105 out of 1116 patients (9.4%) of high-risk PTC died of thyroid carcinoma, and the prognosis of high-risk patients became significantly poorer with advancing age. These findings strongly suggest that advanced age can significantly affect the prognosis of only high-risk patients with PTC, which sharply contrasts with findings of previous studies [5, 6] . The reason for this phenomenon remains unknown. One possibility is that high-risk PTC in old patients has a significantly different tumor biology from that in young patients, while low-and intermediate-risk PTCs do not. Further studies are needed to solve this issue.
Based on our findings, we can conclude that therapeutic strategies do not need to change for older low-risk and intermediate-risk patients. However, how we treat older high-risk patients is an important issue. Because of older age, physicians often choose less extensive therapies. In our series, the incidence of total thyroidectomy for highrisk patients C 75 years was only 69.2%, which was significantly lower than that in younger patients: 82.0% and 81.5% for those aged 55-64 years and those aged 65-74 years, respectively. However, according to the investigation by The Japanese Ministry of Health, Labour and Welfare in 2015, the average life expectancy of humans aged 75, 80, and 85 were rather long, at 15.64, 11.71, and 8.3 years for females and 12.03, 8.83, and 6.22 years for males, respectively [8] . In addition, according to National Comprehensive Cancer Network guidelines in the USA, the upper (top 25th percentile) and middle (50th percentile) quartiles of life expectancy for humans aged 75 years were 17.6 years and 12.6 years for [9] . Therefore, active treatment should be considered for high-risk older age patients if they are otherwise healthy and have a good performance status. Recently, molecular target therapies such as sorafenib and lenvatinib were adopted as a line of therapy for RAI-refractory recurrence/metastasis of PTC [10, 11] . It has been reported that lenvatinib prolonged not only progression-free survival but also overall survival for patients C 65 years [12] . Therefore, if circumstances allow, high-risk older age patients can be considered for total thyroidectomy with therapeutic/prophylactic lymph node dissection, RAI administration for remnant ablation, adjuvant therapy, or cancer therapy. If metastasis or recurrent lesions are RAIrefractory and progressive, molecular targeted therapy could be considered for patients with a good general condition. This study has some limitations. First, it is a retrospective study, and the therapeutic strategies including the extent of thyroidectomy and lymph node dissection obtainable at that time significantly differ from those available now. Because of the limited capacity of RAI administration, the number of patients in our series who were administrated RAI C 30 mCi for ablation, adjuvant therapy, and therapy for metastases was much smaller than what would be indicated now. Many patients underwent RAI scintigraphy using a smaller amount of RAI (3-13 mCi), instead. Another important limitation of this study is that we could not present the postoperative course and incidence of surgical complications such as transient and permanent recurrent laryngeal nerve paralysis and hypoparathyroidism. This factor is very important to decide therapeutic strategies for old patients. To date, optimal active therapeutic strategies have not been identified or established, including the extent of surgical treatment, RAI therapy, and, if indicated, molecular targeted therapy that can substantially improve prognoses of high-risk aged PTC patients. This issue requires further studies in consideration of various factors, including surgical complications.
In summary, we demonstrated that for patients aged C 55 years with PTC, advancing age has the significant prognostic impact of CSS only for high-risk patients. If they are otherwise healthy and have a good general condition, active therapies, including total thyroidectomy, appropriate lymph node dissection, and RAI administration for remnant ablation, adjuvant therapy, or cancer therapy even for those C 75 years, should be considered, because their life expectancy is longer than what we think. If metastatic/recurrent lesions are RAI-refractory and progressive, treatment for molecularly targeted medicine could be regarded as a successive strategy.
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